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1.0 SUMMARY

1.1 General Description

The tip turbojet helicopter described herein is designed es a cargo
helicopter having a payload of 12 tons and a gross weight of 72,000
pounds. The rotor system utilizes four blades with two engines mounted
in an over-under configuration on each blade tip. Each blade has a
radius of 56 feet to the centerline of the engines and a chord of 6.5
feet. Titanium alloys are used, when practical, throughout the rotor
system constiuction.

1.2 Structural Design Philosophy

1.2.1 Purpose

It is the purpose of this part of the report to provide sufficient load
and stress data to illustrate the feasibility of the rotor system from
a8 structural viewpoint.

1.2.2 BScope

The information contained herein is to provide a brief preliminary sur-
vey of loads and stresses in the major structural components of the
rotor system. The rotor system is analyzed progressing in order of
force transmission from the engine nacelles at the tip to the gimbal
at the rotor shaft.

Due to the lack of structural design details, certain refinements must
be eliminated in this preliminary effort which will be considered in a
production or prototype effort. Simplifying assumptions are clearly
defined in the appropriate places within the report.

The special engine environmental vertical load factor of #40g used in
the rotor system static analysis was conservatively estimated during
development design and prior to the dynamic load study completion. The
rotor system stiffness has increased such that the engine environmental
vertical load factor computed during the dynamic load study has a magni-
tude of #3.4g. Tuerefore, the static rotor system stress analysis is
conservatively presented herein usirg the #40g loading factor in conjunc-
tion with the rotor-overspeed-operation, both-engines-operating condi-
tion.

1.2.3 TFatigue Considerations

The fatigue analysis primarily consists of an investigation of the rotor
system to i1llustrate thet the alternating stresses developed during
normal flight conditions are below the component material endurance
limit and nondamaging.




In cases where attachment bolt static margins of safety are low for cen-
trifugal force loading, a start-stop fatigue investigation is conducted
to determine the required bolt diameter to establish a 10,000-hour
service life when & fatigue notch factor of 2.0 is applied to the S5-N
data.

PR 5
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The prediction of component fatigue strength, in some cases, is accom-

plished through the use of available fatigue notch factors. Only those

components which are major structural members are considered from a fa- ~
tigue viewpoint. -
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2.0 OCONCLUSIONS

2.1 Critical Static Design Conditions

2.1.1 Engine Nacelle and Attachments

Although the structursl significance of the engine nacelles is recog-
nizeGg at this time, it is felt that they do not contribute structurally
as rotor system major load carry members, and as such are not analyzed
during Phase 1.

2.1.2 Engine Mount System and Attachment

The critical engine mount system and attachment loading occurs during
the rotor limit speed condition, and during the rotor-overspeed-opera-
tion, both-engines-operating condition. The critical engine mount areas
are the attachment bolts and lugs and the heat expansion fitting.

2.1.3 Main Rotor Blade Tip Engine Retention Structure

The critical main rotor blade tip and attachments loading occurs during
the rotor limit speed condition and 4during the rotor-overspeed-operation,
two-engines-operating condition. The critical areas are the attachment
lugs.

2.1.4 Main Rotor Blade Typical Section

The critical main rotor blade typical section is at rotor station 170.00
during the static droop condition.

2.1.5 Main Rotor Blade Root Retention Structure

The critical main rotor tlade root retention structure loading occurs
during the rotor limit speed condition. The critiral areas are the
tension-torsion strap and its retention bolt.

2.1.6 Stub Blade and Retention

The critical stub blade loading occurs during the transient cyclic stick
whirl condition. The adjustable 1ink attachment lug is eritical.

2.1.7 Main Rotor Hub Assembly

The ecritical main rotor hub assembly losding occurs during forward
flight, 41 miles per hour, 2.5g, 562 feet per second tip velocity condi-
tion. The critical hub .reas are the blade retention lugs and pins.




2.1.8 Gimbal and Attachments

The critical gimbal and attachments loading occurs during the 2.5g
loading condition. The critical areas are the bearings and Section
17-17 as defined on page 87.

2.1.9 Restraint Spring Assembly
The outside spring fiber stress is critical

2.1.10 Static Margins of Safety

A summry of the critical static margins of safety is presented in
tabular form on the following page.

2.2 (Critical Fatigue Design Conditions

The start-stop condition is the critical main rotor system fatigue
dz2sign condition considered in this analy-is. The eritical rotor system
components during the start-stop condition are the engine to mount
attackment heat-expansion fitting, the rotor system component attachment
bolts, pins, and lugs, and the tension-torsion strap assembly.

The alternating stresses developed during a steady-state, in trim,
normal fiight condition are below the rotor system component material
endurance limit and nondamaging.

Further fatigue consideration of the main rotor system will be conducted
upon the accomplishment of strain-measured flight maneuvers.

oo
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TABLE 1

SUMMARY - CRITICAL STATIC MARGINS OF SAFLTY

Section Name Margin of Safety Page
Due to .s.] Fo-
L4.1.2 |Engine Mount System and Attachments
Engine to mount attachment bolts Bolt bending .01 ] 16
Main mount, Section 2-2 Combined load { .20 | 20
Heat expansion fitting, Sect. 4-4 | Combined load | .15 ] 28
Inner lug to mount weldment Combired load | .16 | 33
Mount to tip attachment bolts Bolt bending 01 ) 36
4.1.3 [Main Rotor Blade Tip Engine
Retention Structure
Mount pickup fittings Lug shear-out | .16 | 43
Pickup fittings, Section 8-8 Combined load | .17 | &7
4.1.4 |Main Rotor Blade Typical Section Buckling 101 62
4.1.5 |[Main Rotor Blade Root Retention
Tension-torsion strap retention
pin Pin bending .2k | 65
Tension-torsion strap assembly Tension .00 | 69
4.1.6 |Stub Blade and Retention
Adjustable link attachment lug Lug shear-out { .60 | Tk
4.1.7 |Main Rotor Hub Assembly
Stub blade to hub attachment lugs | ILug shear-out 0301 T7
Stub blade to hub attachment pin Pin bending 021 78
Adjustable link lug analysis Lug shear-out | .23 | 82
4.1.8 |Gimbal and Attachments
Gimbal ring, Section 17-17 Combined load | .27 | 88
Pivot pin bearing Radial beariné
load Akl 89
Rotor shaft bearing lug, Section
18-18 Combined load A8 91
4.1.9 |Restraint Spring Assembly
OQutside spring Spring load 0941 92




3.0 RECOMMENDATIONS

3.1 Static Testing

In those cases where design of comporents and/or assemblies results in
the requirement of an ultraconservative static anelysis, structural
substantiation will be accomplished by static test.

3.2 Fatigue Testing

A minimm of four specimens will be fatigue tested to obtain the re-
quired fatigue data for component service life estimation.
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4.0 STATIC 3TRUCTURAL ANALYSIS

4.1 Introduction

It is the Zurpose of this part of the report to provide sufficient load
and stress data to insure the integrity of the rotor system desigrn from
the static structural viewpoint.

The main rotor system is substantiated to the criteria of Reference 1
utilizing the loads developed in Reference 2. The methods of analysis
used in tkhis report are those which are generally accepted throughout
the airframe and missile industry. Whenever possible, the latest edi-
tion of Reference 4, "Metallic Materials and Elements for Flight Vehicle
Structures,” MIL-HDBK-5, August 1962, is referred to for the material
mechanical properties.

A fittirg factor of 1.15 is not used in the lug analyses margins of
safety calculations for the rotor limit speed condition (tip velocity
of 813 feet per second) as it is felt that the conservatism is too ex-
treme. The rotor limit speed tip velocity is 1.25 times the maximum
design tip speed velocity, and an ultimate safety factor of 1.50 1is
used in the margins of safety calculations.

The rotor system is analyzed in order of force transmission progressing
from the engine nacelle at the tip to the hudb and gimbal at the rotor
shaft.

k.1.1 Engine Nacelle and Attachments

An engine nacelle is provided for aerodynamic streamlining purposes and
does not carry primary structural loads. Since the intent of the Phase
I rotor system stress analysis is to provide a brief preliminary survey
of loads and stresses in the mJjor structural components and since the
function of the engine nacelles is aerodynamic in nature, this portion
of the rotor system stress analysis is not presented for Phase I con-
siderations.

4.1.2 Engine Mount System and Attachment

This portion of the main rotor system stress analysis is concerned with
the static structural substantiation of the engine mount system, includ-
ing the mount system to engines and blade-tip attachments. The engine
mounts are analyzed in order of force transmission, progressing from the
engine attaclments to the blade-tip attachments.

4.1.2.1 Ioading Analysis

Preliminary static stress analysis completed during the engine main mount
system development design period established that the maximum engine main

——ro = -— - -




mount loading occurred during the rotor limit speed condition, and dur-
ing the rotor-overspeed-operation, two-engines-operating condition.

The aft engine mount experiences its highest loading during the rotor
overspeed operation.

The engine mount system loads presented in Figures 1, 2, and 3 are de-
veloped below for the following critical loading conditions:

Condition 1: Rotor 1limit speed (813 f.p.s. tip veloeity).
Condition 2: Design maximum rotor speed - one engine out.
Condition 3: Rotor overspeed operation - both engines operating.

The loads presented at a given location in Figures 1, 2, and 3 are the
applied loads acting at that point.

Condition 1:

Engine weight: W = 370 1lb/engine (1limit)
Blade tip velocity: VT = 813 f.p.s.

Q= %]-g = 14.51 rad/sec.

Centrifugal force load per engine:

1L.51

2
c.p. = L3 (370)(56) = 136,000 1b. (1mt)

The additional load due to centrifugal force acting on the main mount
and that portion of the nacelle supported by the main mount is assumed
to be acting at rotor station 661.00.

Weight: W =100 1b. (1limit)

2
C.F. = ﬂ%)- (100)(55.6) = 36,700 1b. (1limit)

Condition 2:

Engine weight: W = 370 1b. (1limit)
Blade tip velocity: Vg, = 650 f.p.s.

Q= -65% = 11.60 rad/sec.

_ (11.60)%

Cc.F. 352 (370)(56) = 87,000 1b. (1imit)

The gyroscopic moment tends to force the rotor blade leading edge down
and has a magnitude of:

M, = (1.67)(2,304) -65% = 44,700 in-1b. (1imit)
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The centrifugal force load due to the main mount and nacelle acts at
rotor station €€1.00 and has a magnitude of:

_ (1.0)°

C.F. = 35.5 (100)(55.6) = 23,300 1b. (limit)

The engine thrust is 1,500 pounds (limit) per engine. The moment about
the z axis due to the centerline of the engine thrust being located
11.25 inches outboard of the engine to main mount attachment centerline
is reacted as a couple by the main and aft engine mounts.

_11.25 - .
P =g (1,500) =1,125 1b. (iimit)

The aft mount is assumed to weigh 11.2 pounds (1imit). The centrifugal
force load due to the aft mount weight is:

2
C.F. =-(%é—%)— (11.2)(55.6) = 2,600 1b. (limit)

Condition 3:
Engine weight: W = 370 1b. (limit)
Blade tip velocity: V, = 683 f.p.s.

Q= % = 12.20 rad/sec.

2

C.F. =Q255%L (370)(56) = 95,800 1b. (limit)

The gyroscopic moment per engine tends to force the rotor blade leading
edge down and has a magnitude of:

M_ = (1.67)(2,504) %85 = 47,000 in-1b. (Limit)

The centrifugal force load due to the main mount and nacelle weight acts
at rotor station 661.00 and has a magnitude of:

2

C.F. = _Qz}_éz_g)_ (100)(55.6) = 25,700 1b. (limit)

The static engine thrust is 1,700 pounds (limit) per engine. Per the
discussion on page § of Volume IV, an additional in-plane load normal

to the blade axis is applied.

P, = 1,700 + (5)(370) = 3,550 1b. (limit) per engine
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The vertical engine load ncrmal to the blade axis is:
P, = (+40) (370) = #14,800 1b. (1limit) per engine

The aft mount reacts the in-plane engine loading.

P_= % (3,550) = 2,600 1b. (1'mit) per engine

The centrifugal force load due to the aft mount weight of 11.2 pounds
(iimit) is:

_ (12.20)2

C.F. = 555 (11.2)(55.6) = 2,850 1b. (limit)

4,1.2.2 Stress Anelysis for Main Engine Mount - (Ref. Volume III,
Figure 20)

This portion of the main rotor system stress analysis is concerned with
the static structural substantiation of the main engine mount, including
the engine and blade-tip-tc-mount attachments.

The material properties presented below are obtained from Reference 10.
Material type: T1-6AL~-4V titanium
At room temperature:

Foy = 162,000 p.s.1i.

F, = 94,000 p.s.1.

( Ref. 10, page 39)

At 400°F. temperature:

o = (.785)(162,000) = 127,000 p.s.i.
(Ref. 10, pages 52,53)
Fo, = (.785)(9%,000) = 74,000 p.s.i.

b.1.2.2.1 Ioeding Analysis

Per the discussion on page 7, the critical engine mount centrifugal
force loads occur during the rotor 1limit speed condition.

The general geometry and loading sketch, rresented in Figure 4 on the

following page, establishes the upper lug attachments for both engines
to be critical for the rotor limit speed condition centrifugal force.

13




C.F. = 308,700 1b. (limit)
Wy =37 1b. (1imit)
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Figure 4. Main Engine Mount - General Geometry and
Loading Sketch.

4,1.2.2.2 Engine-to-Mount Attachment Bolts

1.25 dia. bolt, NAS 46k; A =1.23 in°; 2 = .192 in’

?

Material type: lAL-8V-5Fe titanium alloy

At room temperature:

At 400°F. temperature: F

HiTi 20 series bolts

The material properties are obtained from Reference 7, page 2.

Ftu = 200,000 p.s.1i.
120,000 p.s.i.

su

by = (-8)(200,000) = 160,000 p.s.1.
Fou = (.8)(120,000) = 96,000 p.s.i.

1h

e




The maximum bolt loads occur during the rotor limit speed condition:

11.25W
p =CF. T _ 136,000 , (11.25)(370)

x 2 13.00 2 13.00
65,300 1b. (iimit)

L}

The bolts are loaded in double shear.
2 ‘
As = .(.g).h).)(‘l_"?il_ = 2.45 1n2
€8 -
e TE%J- = 27,900 p.s.i. (1imit)

_ 96,000
M.S. = 115)(27,900)

Bolt Bending-Stress Investigation:

-l=

1.30

The method of analysis used in determining the bolt bending-stress level

is obtained from pages 1€0 through 164 of Reference 9.

In the following

analysis, the applied load is assumed to tend to "peak-up” on the inner
lug near the shear planes rather than be carried as a uniform load across

the irner lug.

P = 68,300 1b. (limit)

D=

\ I’d.' d on pin
ety | 3

b g

Bushing

| i
—H ‘ f, I

p/2 "7&‘ w

Y

Figure 5. Bolt-and-Ilug Loading Sketch - Engine-

to~-Main-Mount Attachment.
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The inner lug is a portion of the turbojet engine ring and is loaded

at an angle of 30 degrees. The outer lugs are a part of the main engine
mount and are loaded at an angle of €0 degrees. The bolt bending stress
analysis presented on the following page assumes the inner and outer
lugs to be axially loaded and considers the loed "peaking" effects on
the inner lug only.

If the oblique loadings in the attachment system are resolved into
axial and transverse components, the value of the minimum allowable
ultimate load (P"‘min) is reduced which results in a shorter morent
arm and a smeller bolt bending stress. 1In addition, if the excess of
strength in the outer lugs is considered, an additional moment arm re-
duction is realized.

Preliminary analysis has established that when the excess outer lug
strength is considered, assuming axial lug loeding, the vector quantity
of the bolt horizontal shear and reduced bending stresses resuits in a
slightly higher margin of safety than that obtained on the following

page.

In view of the above discussion, the bolt bending stress analysis
presented on the following page is considered to be satisfactory.

15




Lug material properties:

Fo, = 74,000 p.s.i. d = 1.&5 in.
= 71 D = 1. in.
Ftu = 127,600 p.s.1i. g = 065 1in.
Pyr, = (3-24)(74,000) T iy
b 4 = 1. .
T4 - 240,000 1b. S 7 Sl
(1.936)(127,000) T b
P! = (1.
Y 246,000 1o, t, = 2.251n
S _[a_11D _f115 _ 1]1.4
Pao 240,000 1b. r [D 2]t2 [—Egl 2]—-—2_25
Pantn _ . = .192
AFon = D, =(1.lb = 3.24 107
r tu A= th-(_. }(2.25) = 3.24 in
Y = .68 (Ref. 9, page 162, A = (w-l))t2 = (2.3 -1.44)(2.25)
Figure b) - 1.936 102

G

b & ?*8**(;?)
22 + 065 + (.68)(2522) = .997 1in.

M = (P/2)b = —%0—9- (.997) = 34,400 in-1b. (1limit)
% = 2%99_2.0_0_ = 177,000 p.s.i. (Llimit)

The bending modulus of rupture factor (K = 1.68) is obtained from page
115 of Reference 3

M.S. = 755 f LTf—s%:ﬁ’z‘—} _‘.._'01

4.1.2.2.3 Upper Lug Stress Investigation - Upper Engine

P_= 68,300 1b. {1imit) (Ref. pege 15)
Py = WT =370 1b. (1limit)

P = f+py2 m 68,300 1b. (1imit)

4.1.2.2.3.1 Link Tear-Out
= (1.1)(2.30 - 1.44)(2) = 1.89 in°

16




f, = Qi%g—o = 36,100 p.s.i. (1imit)
127,000

M.S. = mm - 1= 1.51

4,1.2.2.3.2 Link Shear-Out

A = (1.1)(2.30 - 1.L4)(2) = 1.89 in2
f = 56%_%3_0 = 36,100 p.s.i. (limit)

_ T4 , 000 _ |
H-So—mm-l— .hé

L,1.2.2.4 Section 1-1 Stress Investigation

T 4

1

—
yi:"l- L

®

‘——Eﬂ___’.
(o)

Figure 6. Main Engine Mount - Section 1-1 Geometry.

Section Properties:

A= (2.9)(5.6) - (2)(1.7)(.8) - (2.5)(3.2)

= 16,23 - 2,72 - 8,00 = 5,51 1n?

b/ 5 5
.- g2.92§5.62 ) 2[g1.7E§.82 . (1.36)(2.&)2]- gz.slzzga.zz

Lo,k -2(.0725 + 7.84) - 6,83

Lo,k - 22,65

19.75 inh

17




< o (16.23)(1.45) - 2%.25)(1.25) - (8.00)(1.65)

23.56 -3.40-13.20 _ 6.98
5+51 - 5.51

1, - 28E0P o[CONTP, (5605 ] - e2)2)
(8.00)(.39)%+ (16.23)(.19)°

11.38 +.59 - 2(.33+0) - 4,17 - 1.22 = 11.97 - 6.05
= 5.92 inh

= 10263 inc

4,1.2.2.4.1 Loading Analysis

- -l .85 - ,\O
a = tan ;1*_5- = 13.64 Px z/\: z!
Pl 3.45
P ,=P_ cos a+P sina z y
x' °x z .

b

= 68,300 cos 13.62° + 37081n 13.62° pe
/
= 66,500 + 87 = 66,500 1b. (limit) \

"
"

Py sina - P, co: @ o Figure 7. Main Engine Mount -
68,300 sin 13.62°- 370 cos 13.62 Section 1-1 Loading Sketch.

15,700 1b. (limit)

4.,1.2.2.4.2 Stress Analysis

=
n

3.45P_, -.85P ,

(3.45)(66,400) - (.85)(15,700)
215,700 in-1b. (1limit)

00)(1.26 .
£, = (215’715.%,‘21 26) _ 46,000 p.e.1. (1ims%)
_ 16,700 _
ft = —-5—5—51— = 2800 p.B-i. (l‘lmit)

£f =%+ f = 48,800 p.s.1. (1limit)

£ = ﬁsr-g-gg = 12,100 p.s.1., (1limit)

_ (1.5)(48,800) _ _ (1.5)(12,100) _
Rt-—-—l-z,(L,G&y—l-.STG, RB-—z,E-—O&—Z,(’ = 245

18



Combining the tensile and shear stresses vectorially, the margin of

safety is:
M.S. = - -1= .53
RS * B 'L“"‘

s

4.1.2.2.5 Section 2-2 Stress Investigation

3.25

1.05

y
Figure 8. Main Engine Mount -
Section 2-2 Geometry.

Section Properties:

A= (3.25)(6.25) - (2)(1.8)(1.15) - (2.85)(3.25)
= 20.35 - b1k - 9.26 = T.05 in°

r - Bev)6esy -2[<1-8>(;15>’ v .on)er] - (2:85)(3.25)

66.10 - 2(.23 + 15.12) - 8.16
66.10 = 38.86 = 37.2"" inh

< . (20.35)(1.625) - (2)@(_._8;19.3) - (9.26)(1.825)

33,00 - 5.39 - 16.90 . 10.71
7.05 7.05

1.52 in.
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3 3
1= {62J02) . (20.35)(.105)%- 2[(1'15%29'82 v (2.01)(-22) | -

y-y
(3.25)(2.85)° 2
12 - (9026)('3@)
= 17.88 + .22 - 2(.459 + .10) - 6.27 - .86
= 18.10 - 8,25 = 9.85 in
Loading Analysis: __‘ 2.55 p—
My_y = 6.55 B, +2.55P, P < .
- (6.55)(68500) + (2.55)(370) 2
= 47,000 + 940
= 447,900 in-1b. (1imit) 6.55
_ (447,900)(1.52)
T = 9.8%4_ x y -1’--—-—i

= 69,000 p.s.{. (1limit)
Figure 9. Mein Engine riount -

¢ T.0 negligible

_ 68,300 _
f = —713; = 9700 p.s.i. (1imit)
R = .(.12)_(@1.0_09.2 = .815’ Rs = 1.5 9700 = .197

t 127,000 Th,

Combining the bending and shear stresses vectorially, the margin of
safety is:

o

M.8., = ﬁ==2- -1= 20
+
Rt RB

4.1.2.2.6 Section 3-3 Stress Investigation

4.,1.,2,2,6.,1 Section Properties

A= 2[(5.95)(1.5) - (:5)(1.25)(-875) - (1.44)(1.5) ] +(.58)(3.3)
= 2(8.925 - S4T - 2,1€) + 1.914 = 1L4.35 1n2

= _ 2[(B.925)(2.975) - (.547)(5.53) - (2.16)(2.15) ] + (1.914)(.29)

14.35 '
_ 2(26.55 - 3.03 - 4.65) +.56 _ 38.30 _
o TRLE s - 2,67 in,

20
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B snntitfielon

A I o

/’ 4
; /A 1
. N |
x‘—f x 3e3 X
N
-']"21" i N 1
y : i‘s
%
2,19
e 5.05 —

Figure 10. Main Engine Mount - Section 3-3 Geometry.

I
Y-y

> b
- o[ Q200DE | (8.505)(.305)2- LEDULDY (.57 2.867 -

36

A5)( ) (2_16)(_52)2].+ (3:3)(.58) (1.914)(2.38)°

2(26.35 +.8% -.05 - 4,48 -,58 -.49) + .05 + 10.85 = 5Sh.0€ in

12
4

> >
1, - 2| BULSY L (o.005)(2h0R- LY (sunyu36f -

3 3
(1.hh2§1.5) - (2.16)(2.&0)2]-+.izéé%é2¥22— + (L.914)(0)°

L]

4.1.2.2.6.2 loading Analysis

Rotor Limit Speed Condition: -

C.F. = 136,000 1b. (1limit)
Wy = 370 1b. (1imit)

M, = (13.00) (68300 )+(4.32)(370)
= 890,000 in-1b. (limit)
P = 136,000 1b. (limit)

2(1.67+ 51.40 -.02 -1.01 -.41 - 12.42) + 1.74 + C = 80.16 in

4

_.1,-&»32 be— z
657350'4* S tby

Sl 1

67,700 |

1b.
-——

cg Section 3-3

Figure 11. .Ma.in Engine Mount -
Section 3-3 Loading Sketch (Cond. 1).
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Rotor Overspeed Operation - Both Engines Operating: -

93,200 1b. (1limit)
3,550 1b. (limit)
1“,8(” 1b. (11m1t) y (Ref. Figure ), page 12)

47,000 in-1b. (limit)
166,500 in-1b. (limit) i

'j‘ = b:Ug"U“"U

O]
=

=M+ 432 P, + 6.5 P 5 p 6.5
= 166,500+ (4.32)(14800) l A W

+ (6'5)(93)200) x Yy P:_ ‘—_—*
= 836,500 in-1b. (1limit) P,

13p

aux-x = M)( + 2} - ﬁ‘_ -¢é-oGo Sect. 3-3
T 1E

= 70,100 in-1b. (limit)
Figure 12. Main Engine Mount -
h.)aPy = (4.32)(3550) Sectioh 3-3 Loading Sketch

= 15,350 1b-in. (limit) (Cond. 3).

Y=y

O

4.,1.2.2.6.3 Stress Analysis (at point A)

Rotor Limit Speed Condition: -

My = 890,000 in-1b. (limit)
(8.9)(10°)(3.28) _ .
£ = ST = 54,000 p.s.1. (limit)

The shear load is assumed toc be carried by the two members extending
along the x-axis.

2(8.925 -.547 - 2.16) = 12,44 1n°

136,000 1b. (limit)

6,000
£ = 22220 - 10,900 p.s.1. (1imit)

The material properties are obtained from page 13, and are used in the
stress ratios preseuted below.

o>
Hoon

ge
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Corbining the stress ratios vectorially, the margin of safely is:

M.5. = == - 1 = ,.ue_
ENERY

Rotor Overspeed Operation - Both Engines QOperating:

Myy = 836,500 in-1b. (limit)

p)
Fkby = iw%%ggl.(l’_eg). = m,'m p.s.i( (1im1t)

M _ 70,100 in-1b. (1limit)

i
Py, =LL°—Q-%9I%Q’-12 = 2,760 p.s.i. (1imit)

To determine the torsional stress distribution into the two members
extending along the x-axis, the member thicknesses are reduced by the
area of the removed materisl.

_8.925 - .54 - 2.16 _
tl 595 1.045 in.

T 15,350 lb-in. (limit)
37 _ (3)(15,350)

T et (5.95)(1.045)2(2) + (3.3)(.58)°
= 3,25 p.s.i. (limit)

0
fs, = 2?—'2% = 7,500 p.s.1. (1imit)
sy %*% = 1,800 p.s.1. (limit)
fc = —1,:—35 =1,030 p.s.i. (limit)

The maximum compressive stress 1s:
f = + + = .8.1.
ferax fby o, * T, 54,500 p.s.1. (1imit)

f

)
I

The maximum shear stress 1is:

forny = fop * T, *fs, = 12,600 p.s.i. (1limit)

A T Yy
-— ‘ ’2!‘-2 1 ’ - .
“b‘lle'r,gogoo"a"" Rs"lﬁgooﬁoo”‘g56

Combining the compressive and shear stresses vectorially, the margin of

safety is:
M.S, = =t -] = I 4k
(37 +

23




4.1.2.2.7 Heat-Expansion-Fitting Stress Investigation

The hest expansion fitting is designed to rotate in the x-z plane due to
engine thermal expansion. It can carry tension or compression loads and

bending moments about the x or z axis.

4.1.2.2.7.1 Loading Analysis

Rotor Limit Speed Condition:

P_= 68,300 1b. (1imit) (Ref. page 16)

Rotor Overspeed Operation - Both Engines QOperating:

The loading imposed during condition 3 is obtained from Figure 3 pre-
sented on page 12.

Pop = 93,200 1b. (1imit)
1>y = 3,550 1b. (1imit)
e 14,800 1b. (1limit)
Mx = }47,000 in-1b. (1limit)
. = 166,500 in-1b. (1limit)

The heat expansion lug on the lower engine attachment is critical.

P M

CF .y _9,20 166,500 .
P > *13 7 T 59,400 1b. {1imit)
P M
e Y 4. 3.,5% 47,000 _
Py 5t 3 el i3 5,400 1b. (1limit)

4.,1.2.2.7.2 Engine-Fittirg Stress Analysis

Rotor Limit Speed Condition:

P_= 68,300 1b. (1limit)
For link tensile tear-out:
A, = (2)(1.15

ft"‘%%%g

M.Sl

72)(1.3)(2) = 2.24 in°

[}

30,500 p.s.i. (limit)

. 127,000 )
(1.5){30,500)

1= 1.78

2k

g2T

f—ry

e

;,;1
i
X




RV N

Ry

B

wee

Figure 13.

e 5.0 ’J

Heat-Expansion-Fitting General Geometry Sketch.
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For link shear-out:
A = A =2.24 ir
s t
¢€8,300
f E"éh_ 30,500 p.s.{. (1imit)

L ,000

- 1 -1 =
M-S = 0,500 T

Rotor Overspeed Operation -- both Engines Operating:

P, = 59,400 1b. (limit)

Le.

The engine-fitting lugs are satisfactory for the conditicn 3 losds by
comparison to the higher loading developed during the rotor limit speed

condition.

4.,1.2.2.7.3 Section h-k Stress Investigation

4,1.2.2.7.3.1 Section Properties
A= (2.0)(.8) = 1.56 in°

3 ]
;. (2.0)(.18) r {
y-y 12 ‘
4 z'-/v z .78

=] .079 in ' /A =
;. (18)(2.0) y! 1
z%-2" 12 fe—— 2,00 —>

= .52 1nh Figure 14. Expansiocn Fitting -

Section 4-4 Geometry.

4,1.2.2.7.3.2 Lloading Analysis

Rotor Limit Speed Condition:

xl

p = 8590 _ 3 500 11, Y
b ¢ 2
(1imit) \
1>

M, = (.30)(34,200) '

= 10,260 in-1b. (limit) 3 o ;9 550
P, = P, cos 35°= 34,200 cos 35° | \

= 28,000 1b. (limit)

y

P, = P, sin 35% 34,20081n 35° (

= 19,600 1b. (limit) Figure 15. Expansion Fitting -

Section 4-4 Loading Sketch {Jond. 1).

26
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Rotor Overspeei Operation - Both Engines Operating:
P = M =) 29"‘00 1b.

¥ = (1imit) ' -y
X
Py - 25-—2‘°° = 2,700 1bt.
(1imit) y

= ( 50)1’ + (3.0)P
(.3)(29,700) + (3] (2,700)
i7,000 in-1b. (limit)

Px|
&. 55°
P ———
P_cos 55°+ P_ sin 55° X + x’],%(\ X
x 3
'p

[}

P .=
y
= 29,70 cos 55 * 2,700 sin 550 \
= 17,000 + 2,200
= 19,200 1b. (1limit) Pyu
y
Px,= P_ sin 55 = P cos 55

= 29 700 s1n 55°- 2,700 cos 55°

= 24,300 - 1,600 Figure 16. Expansion Fitting -
= 22,700 1b. (1imit) Section 4-4 Ioading Sketch (Cond. 4).

4.1.2.2.7.3.3 Svress Analysis
Rotor Limit Speed Condition:

£, = 1&?—0@%@ = 50,600 p.s.1. {1imit)

£, = %O%Q = 18,000 p.s.i. (1imit)

£ = l%%g = 12,600 p.s.1. (iimit)

The material properties are obtaired from page 13 of this report and
are used in the stress ratios presented below.

- {1.5)(50,600 +18,000) _
127,000

< (1.5)(32,600) _
R, 74,000 .256

Combining the bending and shear stress ratios, the margin of safety is:

M., = L -1 = .18
T

.810

_T




Rotor Overspeed Operation - Both Engines Operating:

1 3 (.
£, = ( 7’?g$é( 39) . 84,000 p.s.i. (limit)

22,700
£, = 1.; = 14,600 p.s.i. (limit)
f =19,200 = 12,300 p.s.i. (limit)
5 1.8

The bending modulus of rupture factor for rectangular sections is 1.5
(Ref. 6, page 320). Using the 1.5 bending modulus of rupture factor,
the bernding stress ratio is:

1.5)(84,000) _ o

:

1.5)(127,000
R, = (1.5)(14,600) = .1725
127,000

1.5)(12,300) = .25
74,000

m‘;ﬂ
"

The margin of safety 1s obtained by combining the shear stress ratio
with the bending and tensile stress ratios.

1
V®, + Bp) 45,

4.1.2.2.7.4 Mount-Fitting-Lug Stress Analysis

M.s.

-1= .15

Rotor Limit Speed Condition:

P = 68,300 1b. (limit)

For link tensile tear-out:

A, = (3.0)(1.15 - .72)(2) = 2.58 1n°
f, = 68,300 = 26,500 p.s.i. (limit)
t 2.58 ’
_ 127,000
M-Sc = (1.5)(%,500) — 1 = 2-20
For link shear-out:
_ 2 L
AB = At = 2-58 in -
£, ='§§f§§9 = 26,500 p.s.i. (limit) -
74,000

M.8. = 115713, 500) ~ L~ ]
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B

Rotor Overspeed Operation - Both Engines Cperating:

P = 59,400 1t. (limit)
The mount-fitting lug is satisfactory for the condition 2 loads bty com-
parison to the higher losding developed during the rotor limit speed
condition.

4.,1.2.2.8 Section 5-5 Stress Investigation

Note: The four .25-inch
thick webs are neglected
in the section properties

calculations. e— T30 ———p
' 7.@* I
f— 6.2k —

be——— 3.20 —>

x >t Y. 4O typ.
]
b
\\\ F 2.45

— z : [.hO typ.

Figure 17. Main Bngine Mount - Section 5-5 Geometry.

4.1.2.2.8.1 Section Properties

A= (7.3)(11.00) - (3.2)(10.2) - 2[(1.52)(9.&) + (.53)(10.2)]
= 80.30 - 32.6 - 2(14.3 + 5.4) = 80.30 - 72.00
= 8.501n2
3 3 3 31
7.3)(11.0 3.2)(10.2 1.5)(9.4 . 0.2)°
Iy-y=( )§2 Y )£2 ) _2[( 5l£9 )+(53)§§ 2)J

810 - 283 - 2(105 + 47) = 810 - 587 = 223.0 inh
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3 3 3

1 - (11.0{27.3) ) (10.2%3.2) _2[(9.h)§;.52) . (16.3)(2.36)2 +
b

(02)(-3) ,  (5.4)(3.38) |

356- 27.9 - 2(2.85+ 79.8 + .13 +61.7) = 356- 27.9 - 288.8 g
39.3% in

4,1.2.2.8.2 loading Analysis

Rotor Limit Speed Condition:

Pop = 308,700 ib. (limit) (Ref. Fig. 1, page 10)

Rotor Overspeed Operation - Both Engines Operating:

From Fig. 3, page 12:

. = 212,100 1b. (limit) z
B, 7,100 1b. (limit) y \

29,600 1b. (limit)

o
]

o
N
1

P
= 94,000 in-1b. (limit) My-«—{%-i'—
X
M* PPy
'

%zz
o

= 710,000 in-1b. (limit)

'

Figure 18. Main Engine Mount -
Section 5-5 Loading Sketch (Cond.3).

4.1.2.2.8.3 Stress Analysis

Rotor Limit Speed Condition:

A = 8.30 in®
P
£, = iF - 50%;80 = 37,200 p.s.i. (limit)

Using a 1.15 weld factor, the margin of safety is:
127,000

M.S. = 1.15 1.5 37,200 - l = .98 3
Rotor Overspeed Operation - Both Engines Operating:

2 4 b
A=8304n", I _ =2 in, I, =39.31in

Cy =5.51in. C, = 3,65 in.
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= MM = 17,500 p.s.i. (limit)

Toy = 553 .0
Mx 0,0,0)

fsT = 3% - E%BE = 3,080 p.s.i. (1imit)

; vhere: K = (.4)(10.6)(3.6) =15.25 ind

fs, = 3%*—?8'# = 3,570 p.s.i. (limit)
212,100 .

£, = —8"%" = 25,600 p.s.i. (1limit)

\ Using a 1.15 weld factor, the ultimate stress ratios are:
_(1.150.50 + 25,600) _
R, = 127,000 -585

_ (1.15)(2.5) (3,080 + _
i T 5000 125

Combining the bending and shear stress ratios, the margin of safety is:

M.S. = = -1= .68
Yr2 +8Z -l—

4.1.2.2.9 Engine-Mount-to-Blade-Tip Attachment Lugs

Material properties for T1-6AL-4V titanium alloy are obtained from page

15.

At 400° F.: F,, = 127,000 p.s.i.
oy - 74,000 p.s.i.

4.1.2.2.9.1 Loading Analysis

Rotor Limit Speed Condition:

P = 308,700 1b. (1limit) (Ref. page 10, Figure 1)

Rotor Overspeed Operation - Both Engines Operating:

The condition 3 loading is obtained from page 12, Figure 3.

212,100 1b. (1limit)
7,100 1b. (limit)
29,600 1b. (1imit)

94,000 in-1b. (1limit)
= 710,000 in-1b. (limit)

‘éz >F N.U ‘<"U N.‘U
n
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4,1.2.2.9.2 Section Properties

Note: Nc scale.

3.00 dia. x .10 deep spotface
1.58 dia.

.90

Figure 19. Inner Lug - General Geometry Sketch.

The section properties at the section under analysis are presented in
that section's stress analysis.
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L.,1.2.2.9.3 Inner-Lug-to-Mount-Weldment Stress Analysis

Preliminary analysis has established condition 3 to be critical.

Weld area = (4){.20}(5.50-2.125) = 2.70 in°

P 212,100 . 710,000

& — I§7f7767 = 99,750 1b. (1limit)

P ng%%Q - 37,000 p.s.i. (limit)

Using a 1.15 weld factor, the margin of safety is:

4,000
(1.15)(1.5)(57,000) ~

M.S. = l = 016

4.1.2.2.9.4 Section €-f Stress Analysis

Preliminary analysis has established condition 3 to be critical.

Area = (2)(1.60)(.85) = 2.72 1n?

P = 99,750 1b. (1imit )

G S ggf%QQ = 35,700 p.s.i. (limit)

127,200

M.S. = Tﬁm - 1= 1.31

4,1.2.2.9.5 Bolt Hole Stress Analysis

The load per bolt is:

P = 225129 = 50,000 1b, (1imit)

Lug Tension Tear-Out:

The lug tensile load is P/2
conservatively assumed to

be carried as shown in the L
loading sketch. <P
g i, 29é?99 - 25,000 1b.(1imit) p/2
= (1.00)(.80) = .80 in® ¢ symetry
25,000
ft = _Téa—_ = 31,200 p.s.1i. Figure 20. Inner Lug Loading
(1imit) Distribution.
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Using a 1.15 fitting factor, the margin of safety is:
127,000

M.SO = = ] = . 6
(T.15)(1.5)(31,200) | 2
Lug Shear-Out:
Shear area: A = (2)(.8C)(1.31) = 2.10 in°
50,000
f = Sy = 23,800 p.s.i. (1limit)
Using a fitting factor of 1.15, the margin of safety is:
74,000
oSo = { o l = .
. (T.15)(1.5)(23,800) 4&

4,1.2.2.9.6 Outer Lug-to-Mount Weldment Stress Analysis

This portion of the main engine mount stress analysis is satisfactory by
comparison to the inner lug to mount weldment stress analysis.

4,1.2.2.10 Main Engire Mount to Blade Tip Attachment Bolt Analysis

Bolt dia.: = 1,375 in.
Mat'l type: Hl Ti 20 series bolts

The material properties are obtained from page 14 of this report.

160,000 p.s.i.
96,000 p.s.i.

At 400° F. temperature: F

tu

su

4,1.2.2.10.1 Bolt Shear Stress Analysis
2
)

A = {{ (1.375)° = 1.485 in°

Preliminary analysis has established condition 3 to be critical. The
load per bvolt is:

B = 99,75C 1b. (1imit) (Ref. page 33)
£ = % = 33,600 p.s.i. (limit)

Using a 1.15 fitting factor, the margin of safety is:
96,000 €6

M-S. = T sNMT5)3,600) ~ L C

3L

[




4,1.2.2.10.2 Bolt Bending Stress Analysis

The method of analysis used in determining the bolt bending-stress level
is ovtained frcm pages 160 through 164 of Reference 9. In the following
analysis, the applied load is assumed to "peek-up" on the inner lug near
the shear planes rather than be cerried as a uniform load across the

ianer lug.

P = 99,750 1b. (limit) D ,E-

1)

Bushing o~
P/2-r-JL j(--.'g jii?‘{.___
: : = f2>]*4 f= F/2

ue ﬁz }

e}

111

>

Figure 21. Bolt and ILug Loading Sketch
Main-Mount-to-Blade-Tip Attachment

Lug material properties:

F,, = 127,000 p.s.1.
e 74,000 p.s.1.
d = 1.38 in.
D = 1.58 1in. 1° .80 1in.
W = 5.6 ino
a= 2.1 in. p = 1.00 in.
fa 11D _[2.1 171.58 _
] [‘D - 2]1:—2 [“Fl-s - “2']1.66 = 1ot
A = Dty = (1.58)(1.00) = 1.58 1n?
A, = (W-D)t, = (3.6-1.58)(1.00) = 2.0 in?
Pgr = A F, = (1.58)(74,000) = 117,00C 1b.
u
Péu = A F, = (2,02)(127000) = 263,000 1b,
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Since Ppp <P

= Py, = 117,000 1ib.

Pumin

Abrytu

T

= 583

$5
j

]

.28 (Ref. 9, page 162, Figure L)
t t,

b = ?l + r(-f-) =-'-§9 + (.28)(T1‘°°) = 47 in.
x
2

M

]
~

Yo = 2&%2 (.47) = 23,400 in-1b. (1imit)

.2552 in)

[/}

Z

- 25,400 _
fy 5553 91,800 p.s.i. (limit)

Using a 1.15 fitting factor, the margin of safety is:

- 160,000 4=
SR CHT) 6RO [ C0: ) .]Ll

%.1.2.3 Aft Engine Mount Stress Analysis - (Ref. Volume III, Figure 21i)

This portion of the main rotor system stress analysis is concerned with
the static structural substantiation of the aft engine mount, including
the engine and the blade-tip-to-mount attachments.

The meterial properties presented below are obtained from Reference 10.

Material type: I[Ll-GAL-4V titanium alloy

At rocem temperature:
F, = 162,000 p.s.i.

tu
F 94,000 p.s.i. (Ref. 10, page 39)
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